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Abstract	
	
Wireless	 technology	 is	 developing	 nowadays	 and	 one	 of	 the	 most	 important	
elements	 in	 wireless	 technology	 is	 the	 antenna.	 For	 the	 user,	 antenna	 usually	 has	
compact	size	and	considers	having	high	gain.	By	using	High	Impedance	Surface	structure	
as	 the	 substrate,	 it	 can	 enhance	 gain	 performance	 without	 increase	 dimension	 of	
antenna.	 In	 this	 research,	 planar	 rectangular	 HIS	 structure	 has	 been	 implemented	 as	
substrate	of	microstrip	antenna	with	dual	feeding	line.	The	resonant	frequency	is	2,445	
GHz	with	85	MHz	bandwidth.	
	
HIS	unit	cell	is	designed	and	simulated	to	obtain	the	resonant	frequency	as	shown	
in	its	reflection	phase	diagram.	The	unit	cell	consists	of	1x2	planar	array	configuration	is	
implemented	 in	 circular	 patch	 microstrip	 antenna	 using	 electromagnetic	 coupled	
feeding	method.	The	antenna	consists	of	two	substrate	layers.	The	first	layer	consists	of	
circular	patch	and	the	second	substrate	consists	of	two	feed	lines	with	HIS	unit	cell.	
	
Based	on	simulation	results,	in	port	1	shows	bandwidth	of	150	MHz		and	7,85	dB	
gain.	For	port	2,	the	bandwidth	is	160	MHz	with	7,98	dB	gain.	To	validate	the	simulation	
result,	 measurement	 has	 been	 conducted.	 Measurement	 results	 show	 	 160	 MHz	
bandwidth	and	7,92	dB	gain	in	port	1,	meanwhile,	in	port	2,	shows	170	MHz	bandwidth	
and	7,12	dB	gain.				
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1. Introduction	
In	 wireless	 telecommunication,	 antenna	 is	 used	 for	 transmitting	 and	 receiving	
signal.	 Microstrip	 antenna	 is	 widely	 used	 due	 to	 its	 compact	 size	 and	 easy	 to	 be	
implemented	in	many	devices.	Surface	wave	is	one	problem	in	microstrip	antenna	that	
can	reduce	the	efficiency	and	gain	significantly.	This	problem	can	be	mitigated	by	using	
high	 impedance	surface	 (HIS)	within	specific	 frequency	band	which	 is	often	named	as	
band	gap	of	surfaces	wave.	Its	main	functions	are	the	ability	to	suppress	surfaces	wave	
and	 provide	 in‐phase	 reflection.	 Some	 research	 has	 implemented	 the	 function	 of	
surfaces	wave	band	 gap	by	using	 various	 type	 of	 unit	 cell.	 At	 2.4	GHz,	 the	mushroom	
type	 increases	gain	by	1.11	dB,	slotted	 type	 increases	gain	by	1.39	dB,	and	spiral	 type	
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increases	 gain	 1.37	 dB.	 In	 other	 research,	 planar	 rectangular	 type	 unit	 cell	 which	
eliminate	usage	of	vias	can	enhance	gain	of	2.1	dB		at	resonant	frequency	of	10	GHz.	
	
Another	 development	 in	 telecommunication	 is	 differential	 circuit	 silicon	 MMIC.	
Unfortunately	 most	 of	 conventional	 antennas	 are	 single‐ended	 and	 need	 balun	 to	
interconnect	between	them,	 this	makes	 the	circuit	bulky.	Differential‐fed	antennas	can	
be	used	to	eliminate	usage	of	the	balun.	In	addition,	research	shows	that	by	integrating	
differential	 feed	 antenna	 to	 rectifier	 as	 rectenna,	 it	 can	 reach	maximum	 efficiency	 of	
73,9%	which	 is	more	than	1.5	times	higher	than	rectenna	which	used	only	one	driven	
port.	
	
In	this	paper,	a	planar	unit	cell	as	HIS	substrate	is	implemented	to	a	conventional	
circular	 patch	 microstrip	 antenna	 at	 ISM	 2.4	 GHz	 with	 differential‐fed	 for	 radiation	
properties	 enhancement.	 Both	 radiation	 properties	 of	 the	 conventional	 and	 antenna	
with	HIS	are	compared.	
	
2. Antenna	Design	
Before	designing	the	antenna	with	HIS	unit	cell,	a	conventional	antenna	has	been	
designed	as	shown	in	Fig.1.	The	antenna	consists	of	2	layer	substrates	and	2	differential	
feeding	lines	which	uses	electromagnetic	coupled	technique.	Fig.	1	shows	configuration	
of	conventional	antenna.	The	first	substrate	layer	consists	of	two	feeding	lines	which	is	
the	differential‐fed	and	 the	second	 layer	consist	of	 the	circular	patch	as	depicted.	This	
antenna	 is	 design	 to	work	 at	 ISM	2.4	GHz	 frequency.	 Substrate	used	 is	 Taconic	TLY‐5	
with	 εr=	 2.2	 and	 thickness	 1.52	 mm.	 The	 antenna	 design	 was	 conducted	 using	 CST	
Microwave	Studio.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	1.	Configuration	of	conventional	antenna.	
	
	
Next,	the	High	impedance	surface	unit	cell	has	been	designed	to	enhance	antenna	
gain	performance.	The	proposed	HIS	unit	cell	is	a	planar	rectangular	patch	as	shown	in	
Second	layer	
First	layer	
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Fig.	2.	Reflection	phase	has	been	simulated	and	investigated.	At	2.445	GHz,	the	reflection	
phase	 as	 shown	 in	 Fig.	 3.	 is	 12	 degree.	 It	means	 at	 2.445	 GHz,	 the	 unit	 cell	 has	 high	
impedance	 characteristic	 because	 this	 is	 in	 the	 ±π/2	 band	 which	 is	 high	 impedance	
surface	bandwidth	and	also	works	as	forbidden	band	gap	for	surface	waves	propagation.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	2.	Unit	cell	structure	dimension.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	3.	Reflection	phase	simulation	result	of	the	unit	cell.	
	
This	 unit	 cell	 is	 implemented	 on	 the	 bottom	 substrate	 layer	 subtract	 of	 the	
conventional	 antenna	 which	 is	 designed	 with	 two	 unit	 cells	 as	 shown	 in	 Fig.	 4.	 The	
second	substrate	layer	remains	the	same	with	radius	of	circular	patch	is	22.66	mm.	
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F	igure	4.	Bottom	layer	substrate	configuration	with	2	unit	cell.	
	
3. Result	and	Discussion	
The	 antenna	 with	 HIS	 was	 fabricated	 and	 measured	 and	 shown	 in	 Fig.	 5.	 The	
comparison	between	simulation	and	measurement	results	are	presented	in	Table	1.		
	
 
 
 
 
 
 
 
 
 
 
 
               (a)                          (b) 
Figure	5.	Fabricated	antenna	top	view	of	(a)	first	layer	(b)	second	layer.	
	
Table 1. Result comparison 
Parameter Simulation Antenna without HIS Simulation Antenna with HIS Measurement Antenna with HIS 
S11	(dB)	 ‐26.6	 ‐21.674	 ‐21.97	
S22	(dB)	 ‐22.55	 ‐21.9	 ‐18.19	
S11	BW	(GHz)	 2.39	–	2.5	 2.38	–	2.53	 2.39	–	2.57	
S22	BW	(GHz)	 2.39	–	2.49	 2.38	–	2.54	 2.40‐2.57	
Gain	port	1	 6.01	dB	 7.85	dB	 7,92	dB		
Gain	port	2		 6.06	dB	 7,98	dB	 7,12	dB	
Input	Imp.	(Ω)	 124.08	–	74.6	i	 104.89	–	97.46	i	 31,83	‐	66,53i			
Rad.	Eff	port	1	 82.23%	 96.55%	 n/a	
Rad.Eff	port	2	 80.07%	 95.95%	 n/a	
 
	
From	 Table	 1,	 simulation	 result	 of	 antenna	 with	 HIS	 can	 be	 compared	 to	
simulation	result	conventional	antenna.	Simulation	result	of	antenna	with	HIS	obtained	
at	 port	 1	 shows	 the	 impedance	 bandwidth	 (S11BW)	 is	 increased	 to	 40	MHz	 and	 gain	
increases	1.83	dB	compared	to	conventional	antenna.	Meanwhile	at	port	2	the	S22	BW	
increased	 60	 MHz	 with	 gain	 of	 1.97	 dB	 higher	 than	 conventional	 antenna	 result.	
Therefore,	 from	 the	 simulation	 result,	 the	 antenna	 with	 HIS	 substrate	 has	 larger	
 
1 
2 
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bandwidth,	improved	gain,	and	also	increased	radiation	efficiency	14.32%	for	port	1	and	
15,88%	for	port	2.	The	HIS	antenna	also	improves	the	input	impedance	to	its	reference	
impedance.	The	reference	 impedance	 for	differential‐fed	antenna	 is	 twice	of	 the	single	
ended	antenna	impedance	which	is	100	Ω.			
	
	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                             (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c)                                                                                                        (d) 
Fig. 6. Radiation Pattern for (a) port 1 phi=0, (b) port 1 phi=90, (c) port 2 phi =0, (d) port 2 phi=90 
 
Antenna	 with	 HIS	 substrate	 has	 been	 fabricated	 and	 measured	 to	 validate	 the	
simulation	 result	 of	 the	 antenna	 with	 HIS	 substrate.	 Antenna	measurement	 has	 been	
conducted	 in	 anechoic	 chamber,	 Telecommunication	 Laboratory,	 Department	 of	
Electrical	 Engineering,	 Universitas	 Indonesia.	 Table	 1	 shows	 similarity	 between	
measurement	result	and	simulation	result.	Another	result	showed	in	Fig	6	which	shows	
radiation	pattern	comparison	between	measurement	and	simulation	result.	Both	result	
and	ports	show	directional	radiation	pattern.			
The	 slight	 differences	 between	 measurement	 and	 simulation	 result	 is	 due	 to	
imperfect	fabrication	process	which	affects	the	input	impedance.	
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4. Conclusion	
This	 paper	 presents	 a	 high	 impedance	 surface	 substrate	 implemented	 on	 a	
differential‐fed	circular	patch	microstrip	antenna.	Antenna	with	HIS	substrate	has	been	
fabricated	 and	measured	 to	 validate	 the	 simulation	 result.	Measurement	 result	 shows	
larger	 bandwidth	 and	 increased	 gain	 compared	 to	 simulation	 result	 of	 conventional	
antenna.	Gain	antenna	shows	1.91	dB	enhancements	for	port	1	and	1.06	dB	for	port	2.	
Directional	radiation	pattern	has	been	proved	by	measurement	result.	HIS	also	increases	
the	radiation	efficiency	of	14.32%	for	port	1	and	15.88%	for	port	2.	
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